Oxygen radicals stimulate intracellular proteolysis and lipid peroxidation by independent mechanisms in erythrocytes.
Exposure of red blood cells to oxygen radicals can induce hemoglobin damage and stimulate protein degradation, lipid peroxidation, and hemolysis. To determine if these events are linked, rabbit erythrocytes were incubated at 37 degrees C with various oxygen radical-generating systems and antioxidants. Protein degradation, measured by the production of free alanine, increased more than 11-fold in response to xanthine (X) + xanthine oxidase (XO). A similar increase in proteolysis occurred when the cells were incubated with acetaldehyde plus XO, with ascorbic acid plus iron (Asc + Fe), or with hydrogen peroxide (H2O2) alone. Upon addition of XO, increased proteolysis was evident within 5 min and was linear for up to 5 h. In contrast, lipid peroxidation, as shown by the production of malonyldialdehyde, conjugated dienes, or lipid hydroperoxides was observed only after 2 h of incubation with X + XO, acetaldehyde + XO, or H2O2. Ascorbate plus Fe2+ induced both protein degradation and lipid peroxidation; however, the addition of various antioxidants (urate, xanthine, glucose, or butylated hydroxytoluene) decreased lipid peroxidation without affecting proteolysis. Thus, these processes seem to occur by distinct mechanisms. Furthermore, at low concentrations of XO, protein degradation was clearly increased in the absence of detectable lipid peroxidation products. Hemolysis occurred only in a small number of cells (9%) and followed the appearance of lipid peroxidation products. Thus, an important response of red cells to oxygen radicals is rapid degradation of damaged cell proteins. Increased proteolysis seems to occur independently of membrane damage and to be a more sensitive indicator of cell exposure to oxygen radicals than is lipid peroxidation.